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Abstract 
We present a miniaturized optical setup using light scattering information of two avalanche photodiodes to measure the size of 
airborne nanoparticles. To increase the signal, two Fresnel ring lenses are used collecting scattered light in two angle intervals. The 
laser beam has been shaped to a vertical bar to increase the uniqueness of the detection as described below. Measurements show 
reasonable signal-to-noise ratios for 90 nm, 150 nm and 300 nm polystyrene latex nanoparticles. 
 
© 2012 Published by Elsevier Ltd. 
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1. Motivation 
Detecting nanoparticles in air has been a field of interest for several decades. Despite all recent developments, e.g. 
using whispering gallery or ring resonators, there still remains the need for a highly sensitive, small-size and cost 
effective online sensor [1-4]. One regularly applied measurement technique analyzes scattered light by particles 
passing through a laser beam. Miniaturizing these devices normally limits the detection to particle sizes >> 100 nm in 
diameter, however, as the signal amplification of the scattered light is limited [5,6]. Yet this particle size range is very 
interesting as the health effects are expected to increase with decreasing particle sizes [7]. The scattered light power of 
a single particle in this ‘Rayleigh regime’ (Ȝ << dp)  is given as 
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and shows the dependence of the scattered light on dp6. Additional signal amplification is therefore needed for the 
detection of very small particles. 
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Nomenclature 
dp Particle diameter 
n  Index of refraction of particle 
Ȝ Wavelength of laser 
ș Scattering angle 
ILaser Laser intensity 
ADet Detector area 
r Distance between scattering spot and point of detection 
o Distance from scattering point to the ring lens plane and equals 12 mm 
Į Lower angle between scattering point and ring lens 
ȕ Upper angle between scattering point and ring lens 
2. Concept 
In this work we show the setup of a potentially mobile device consisting of a 450 nm, 10 mW laser diode (Osram 
PL 450), highly sensitive silicon avalanche photo diodes (First Sensor AD1900-11) and two Fresnel ring lenses with a 
focal length of 15 mm (see Fig. 1,2). These concentrical rings collect the scattered light at two separate angle ranges 
(~18-32° and ~32-42°). Fresnel lenses have the advantage of a higher diameter to focal length ratio than normal lenses 
and therefore allow a shorter optical distance between scattering particle and collecting optics. This allows a smaller 
setup and the collection of scattered light in a wide spatial range, thus the detected signals are magnified. The particle 
size is determined from the ratio of the signals using Mie theory [1]. 
 
 
Fig. 1. Scheme of two Fresnel ring lenses, used to collect the scattered light in two angle intervals and image it onto two avalanche 
photo diodes. As the APDs lie laterally (see fig. 2) the rings were cut excentrically for the imaging. 
 
The effective detection area of the scattered light equals the surface of the ring lenses and can be calculated by 
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The resulting detection areas are thus Aeff,1=129 mm² and Aeff,2=190 mm² instead of 3 mm² of a single APD.  
In such optical setups with divergent Gaussian laser beams there is however a problem of identification. Ideally the 
particles cross the laser beam at the focal point having the maximum intensity. Practically, however, the gas stream 
carrying the particles is not straightly linear and therefore particles cross the laser beam longitudinally and 
transversally lateral as well (see Fig. 3). Light gets collected from these positions yet the laser intensity is lower on 
lateral positions leading to an unwanted lower signal-to-noise ratio of scattered light. Ideally only signals from 
particles crossing the laser beam at the maximum intensity having the maximum signal-to-noise-ratio (SNR) result in a 
scattering signal. Hence the laser beam has been shaped by a bar-shaped aperture in the laser optics, blocking lateral 
laser light (see Fig. 4a). 
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Fig. 2. (a) Measurement setup consisting of two Fresnel ring lenses, a 405nm laser diode and two avalanche photo diodes. The laser 
beam was shaped at the imaging lens (see fig. 4) and the scattered light is imaged on the laterally positioned APDs. The particles 
enter the measurement chamber by a nozzle from top (not shown in this image). 
(b)  Side view of the measurement chamber. The imaging by the ring lenses onto the APDs depends on the position of the light 
scattering particle. Particles crossing the divergent laser beam more longitudinal (direction ‘z’, e.g. red arrow) show a longer signal 
time as the laser beam is broader than at the focal point (turquoise arrow). 
 
 
Starting from a certain longitudinal distance the image of the scattered light on the detector exceeds the detector 
area and signal loss occurs (see Fig. 4b). Thus the ratio of the two signals is not the same as in the focus point and a 
wrong particle size gets determined. To overcome this problem, only signals up to a maximum distance to the focus 
point are accepted. This is done by limiting the acceptable time of a scattering signal which directly relates to the 
particle’s position. 
 
 
 
Fig. 3. Top view of the laser beam profile (blue: low power, red: high power) illustrating the ambiguity of scattering signals by the 
divergent laser beam profile. Particles crossing more lateral positions (2, 4) result in a shorter scattering signal than at central 
positions (1, 3) where the laser intensity is highest. Signals 1 and 4 have a similar signal length though the laser intensity is 
different, hence the particle position cannot uniquely be determined from the signal length. 
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(a)                                                      (b) 
Fig. 4. (a) Illustration of the side view of the Gaussian power profile of the laser beam (blue: low power, red: high power) and the 
lateral blocking by the aperture in the laser optics which results in a vertical bar shape of the laser beam. Particles can therefore 
only cross the laser beam where the peak of the laser power is highest and the imaging is optimal. 
(b) Depending on the lateral position of the particles, loss of scattered light (right image, red) can occur by a too large image of the 
scattered light on the detectors if the position is too distant from the focal point. 
3. Results 
In our measurements using the above described setup, we measured the signal-to-noise ratios using 90 nm, 150 nm 
and 300 nm polystyrene latex particles (polystyrene latex by Thermo Scientific with NIST-traceable mean diameter, 
used in aerosol generator Grimm Aerosol 7.822, diluted solution using ultra pure H2O). The signal bandwidth was  
11 kHz, provided by a 2nd order analog low pass filter and the unshaped laser beam diameter about 180x140 μm, 
narrowed to about 1/5. The results are shown in Fig. 5 with SNRs lying above 9 for both angle intervals. 
 
 
Fig. 5. Measured SNR of 90/150/300  nm PSL particles for both angle intervals (APD1: ~18-32°, APD2: ~32-42°). 
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